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The feasibility of new shopping centers is largely related to their relative location and spending power in the trade area. Commercial developers, retailers, and retail planners need information about the likely impact of new retail developments on consumer choice behavior. Several types of consumer choice models have been applied to assess the effects of retail developments.
However, most of these models are based on the so-called independence of irrelevant alternatives assumption, and the variables of interest are included in the models in some indirect manner. The purpose of this article is to demonstrate how substitution effects in consumer shopping behavior can be estimated as a function of marketing strategies or planning scenarios. We focus on the universal or "mother" logit model in a decompositional framework.
The mother logit model represents a generalization of conventional multinomial logit models in that the utility of alternatives depends not only on their attributes, but also upon the attributes of other alternatives in the choice set. These so-called cross-effects represent corrections on the utilities as predicted by the conventional multinomial logit model to account for substitution and other effects. The mother logit model was applied to predict the likely effects of a number of proposed actions to improve the attractiveness of some shopping centers in the Eindhoven region, The Netherlands. Rather than using attributes of shopping centers, possible planning actions were used to specify the utility function of the mother logit model. The model was estimated using choice data observed in hypothetical situations, created according to the principles of experimental design
Introduction
Site selection is one of the most pervasive problems in retailing.
It is a complex problem with important implications for public policy decisions, commercial development, and retailer success. Retailers generally try to maximize market share by adopting a marketing mix strategy that favors their relative position in the market. Although marketing mix variables such as price, services, and product assortment may be easy to change, locational advantages or disadvantages are often more difficult to adjust. For example, a store's location vis-d-vis population concentrations, transportation networks, and competitors affects sales volumes that can be achieved. Commercial developers are primarily interested in the feasibility of their projects, but feasibility of new shopping centers is largely related to their relative location, the total spending power in the trade area, and the amount and type of competition.
Public policy and planning authorities have a vested interest in the retail location because problem they wish to manage and integrate changes that might occur in the retailing system to alleviate possible ill effects on their existing commercial structure. Thus, although the primary interests of retailers, commercial developers, and retail planners may differ considerably, all need information about the likely impact of new retail developments on consumer choice behavior to make more informed decisions. Models of consumer choice of shopping destinations increasingly play an important role in the evaluation of retail sites. The attraction of these models is due to their potential to provide managers and planners with detailed insights into the relative effectiveness of marketing strategies or planning scenarios, and forecasts of how consumers are likely to respond to such strategies or scenarios. Several different models have been applied to practical site selection problems in retailing. These models differ in terms of levels of aggregation, specifications, underlying theories, data requirement, and the like. Regardless of modeling approach, however, most applied work in consumer choice of shopping centers or stores has been constrained by 2 important limitations: 1) an assumption that the trade of new stores or shopping centers will be captured from existing shopping centers in direct proportion to their attractiveness (the so-called Independence from Irrelevant Alternatives or IIA property (Lute, 1959) ); and 2) the managerial relevance of many models is weakened either because variables of managerial interest are not included in models, or only are included in some indirect manner. In the latter case, additional operational assumptions are required to relate marketing strategies or plan...,., &on scenarios to the explanatory variables used in the model. More specifically, we focus on the universal or "mother" logit model (McFadden, 1977) and use it in a decompositional framework. To position our work, we first briefly summarize existing modeling approaches for store or shopping center choice. Then we discuss the principles underlying the mother logit model and compare it with some other models that avoid the IIAproperty. A fourth section illustrates the application of the model and presents the empirical findings that show that substitution effects may be present in consumer choice of shopping centers. A final section summarizes the findings of our study and makes recommendations for future research.
Retail Models
Many different models have been developed or applied to answer retailing questions related to changes in market share, consumer choice behavior, feasibility, sales volumes, and impact assessment (Davies and Rogers, 1984; Wrigley, 1988) . Perhaps the simplest models are analogue models used to estimate sales potentials of new stores at new sites. These models are based on ad hoc rules to identify existing stores that are similar to a proposed store in as many respects as possible. The sales of such analogue stores are used to estimate potential sales of the new store. This approach is not based on an explicit theory of consumer shopping behavior, nor does it deal directly with competitive relationships between stores. Another approach is to estimate the total demand in a market for the range of products to be sold using census data. The estimated demand is translated into sales per square foot for existing stores. Ad hoc assumptions are used to estimate the additional retail floorspace that could be supported by a market without reducing the average sales per square foot of existing stores below some critical threshold.
Multiple regression models represent a somewhat more systematic way to predict sales performance of stores. Sales (or sales per square foot) often are regressed against a (wide) range of store, site, and situation variables; trade area demographic and socioeconomic variables; and variables pertaining to local competitors. Such models do not provide a logically consistent basis for predicting market share (Naert and Weverbergh, 1981) . In contrast to these ad hoc approaches, models are available that either explicitly or implicitly incorporate; 1) assumptions about consumer choice behavior; or 2) the competitive environment; and 3) provide logically consistent market share forecasts. Perhaps the best-known of these are gravity-type models, which include models based on one attraction and distance decay variable (e.g., Huff, 1963; Lakshmanan and Hansen, 1965) , as well as extensions like the multiplicative competitive interactive and entropy-maximizing models (e.g., Gibson and Pullen, 1972; Jain and Mahajan, 1979; Timmermans, 1981; Achabal et al., 1982; Ghosh and McLafferty, 1982; Ghosh and Craig, 1983; Wilson, 1988) . These models are based shopping choice behavior belong to the class of disaggregate discrete choice models, the best known of which is the multinomial logit (MNL) model (see e.g. Richards and Ben-Akiva, 1974; Reeker and Stevens, 1976; Reeker and Kostyniuk, 1978; Timmermans, 1984) . Gravitational models can be reformulated as logit models that incorporate shopping center attractiveness and distance decay variables. Unlike gravitational models based on aggregate zonal flows, the parameters of multinomial logit models are estimated from discrete consumer shopping choices observed in real markets.
Finally, decompositional preference models have been applied to study consumer choice of shopping centers (e.g., Timmermans, 1982; Timmermans et al., 1984; Moore, 1988) . The parameters of these models are estimated from consumer preference data collected under quasi-laboratory circumstances. Typically, store or shopping center attributes and a range of levels are identified. These attribute levels are combined into store descriptions according to principles from the design of statistical experiments. Consumers express or "state" their preferences for these store descriptions or attribute profiles. These stated preferences can be decomposed to identify part-worth utilities for the attribute levels. Typically, consumer choice behavior is simulated by using an ad hoc deterministic "choice = highest preference" rule; or equally ad hoc, but sophisticated probabilistic choice rules. Although the proceeding modeling approaches are based on different theoretical assumptions, measurement procedures, and estimation techniques, they have in common the so-called IIA property. Gravity-type models, MNL models, and many decompositional preference models assume that the probability of choosing shopping center A relative to center B is independent of the existence and characteristics of any other shopping center included in a consumer's choice set. The IIA property implies that a new shopping center or change in the attractiveness of an existing shopping center will draw trade from competing shopping centers in direct proportion to their market shares/attractiveness. This assumption is likely to be unrealistic, especially if shopping centers with similar characteristics compete for the same market. Under such circumstances one expects a new shopping center to draw trade more than proportionally from similar centers and less than proportionally from dissimilar centers because similar centers are substitutes. However, it is also possible for the market share of a shopping center or store to decrease less than proportionally as a result of new shopping development if agglomeration effects occur. In any case, more sophisticated retail choice models are required to describe consumer shopping center choice behavior more accurately than conventional models. In the next section, we describe the mother logit model and propose it as a possible candidate for a more accurate representation of choice behavior. Most models that avoid the IIA property relax one or more of these assumptions. Thus, some non-IIA models allow for different variances and covariances among the error terms of the utility function. For example, the generalized extreme value (McFadden, 1980) and generalized probit models (Daganzo, 1979) belong to this class (see Currim, 1982 , for an introduction to these models in a marketing context). To the authors' knowledge, none of these models have been applied to consumer shopping center choice. The relevance of these models for impact analysis may be limited because most require estimation of many parameters unrelated to marketing mix variables or retail planning scenarios. Exceptions include the perceptual interdependence model (Hausman and Wise, 1978) and Kamakura and Srivastava's (1984) model, which represent attempts to model the variance and covariance of the unmeasured components of utility using measured perceptions on various attributes, or (dis)similarities among the choice alternatives in the product space, respectively.
A second class of models avoids IIA by explicitly including some measure of (dis)similarity in the alternatives utility functions. (see, e.g., Batsell 1981; Meyer and Eagle, 1982; and Timmermans, 1987, 1988) . These models differ mainly in the specification of the similarity component. Fotheringham's (1983 Fotheringham's ( ,1988 ) competing destinations model is a gravity-type version of this approach. Although originally developed for application in a migration context, his model also can be applied to retail choice (Guy, 1987) .
The third class of models circuments the IIA property by assuming hierarchical or sequential decision making processes. The best-known of these models are the elimination by aspects model (Tversky, 1972) and its preference tree version (Tversky and Sattath, 1979); factorial preference structures that represent a compromise between IIA and Elimination by Aspects (EBA) models (Moore, 1990) and the nested logit model. Nested logit addresses the substitution problem by grouping together similar choice alternatives at each level in an assumed decision hierarchy. Logit forms are used to predict marginal and conditional choice probabilities for each level of the decision hierarchy.
As a result, substitution occurs only among choice alternatives belonging to the same level in the hierarchy. (Jain and Bass, 1989 ) represents a special case of attribute effects conditional on presence in the choice set. Mother logit is thus similar in nature to the second class of models that circumvent the IIA property, the main difference being that it models cross-effects whereas other models in this class are based on some explicit (dis)similarity measure among choice alternatives.
As a result, the mother logit model's asymptotic behavior is not logically consistent, whereas some other models (Batsell's model being an exception) are (e.g., Borgers and Timmermans, 1988) . Experimental design strategies that allow estimation of cross-effects are usually more complicated than designs for problems in which IIA is satisfied, but essentially the same principles can be applied. Availability effects can be estimated from choice experiment data if the choice sets are constructed according to an orthogonal fraction of a 2N design (N being the number of choice alternatives in the choice set) that permits estimation of first order interactions. Attribute cross-effects can be estimated by creating choice sets in which the attributes of all alternatives are orthogonal to one another between and within alternatives. Thus, one selects orthogonal fractions of the LN x M factorial (L is the number of attribute levels, N is the number of choice alternatives, and M is the number of attributes) if the attributes of all alternatives have exactly the same number of levels. This principle also applies to the more general case of varying number of attribute levels and varying number of attributes per choice alternative (Louviere, 1986) .
Random utility choice models typically assume that consumer choice can be represented as a function of attributes of choice alternatives. Applications require researchers to translate managerial actions into explanatory variables. In the next section, we show how to apply the mother logit model to an applied problem involving consumer choice of shopping center. Rather than using attributes of shopping centers, possible managerial and planning actions were used to specify the utility function. This allows us to examine substitution effects directly as a result of managerial and planning decisions (see also Louviere, 1984 ).
An Application

Study Area and Design
The 2 major municipalities in the Eindohoven region of The Netherlands are Eindhoven and Veldhoven. Both municipalities have developed proposals to improve the attractiveness of their main shopping centers. These proposals resulted from collaboration among commercial developers, retailers, and municipal planning authorities. In the Eindhoven case, consideration was being given to whether to build a new in-town shopping complex on a former hospital site. The complex would be integrated with a new music hall and abundant parking spaces in an underground parking garage. In the Veldhoven case, the municipality had just given approval for a major clothing store to operate in a former library. In addition, they were developing plans to improve the accessibility of the main shopping center by creating additional parking spaces. The present research project was concerned with predicting how the actions of competing shopping centers would affect the shopping choices of consumers in one specific neighborhood in the municipality of Veldhoven.
The data were collected in September 1988 based on random sample of 158 respondents who were responsible for shopping. For the present article only data on respondents' actual shopping behavior and choices observed in hypothetical situations were analyzed.
The choice experiment was developed as follows. First, the consumers' typical choice set was identified. Local knowledge and previous studies suggested that H. Timmermans et al. consumers in the study area mainly chose among 3 shopping centers: Veldhovencity-center, Eindhoven-city-center and Veldhoven-Burgemeester van Hoofflaan (a neighborhood center). Thus, these 3 shopping centers should always be choice alternatives in the experiment. Next, for each shopping center, a separate set of possible actions was envisaged. The actions tar "Veldhoven-city-center" were: 1) 10% increase of total floorspace; and 2) a 10% extension of the number of parking spaces. Possible actions for "Eindhoven-city-center"
were: 1) a new major in-town hypermarket located close to the market square; 2) a 15% increase of parking costs; 3) 600 additional underground parking spaces; and 4) a 10% increase in floorspace for shops. As explained previously, these actions were actually being considered by the respective commercial developers, retailers, and planning authorities at the time of this study.
The actions for "Burgemeester van Hoofflaan" consisted of: 1) a diversification of shop types; 2) pedestrianization of a shopping street; and 3) the opening of a major appliance store. These actions were very hypothetical; because no actual plans had been made to change this shopping center at the time of the survey.
Each action was assigned 2 levels: it could be implemented or not. A fraction of the 29 factorial was constructed to represent different combinations of actions. This design produced 16 choice sets consisting of a description of a combination of actions that each shopping center might take. The choice of "any other shopping center" was added to each choice set as a fourth option. Respondents evaluated each of the 16 choice sets one at a time. They were asked to allocate a fixed number of shopping trips among the 3 shopping centers and "any other" if the actions described in each choice set were to occur. Order of appearance of choice sets was randomized across respondents.
Analyses and Results
Individual trip allocations were aggregated across respondents to yield choice frequency data. Parameter estimates for the mother logit model are presented in Table 1 . Table 1 indicates that all main effects are statistically significant beyond the 5% probability level. The alternative-specific intercept is highest for "Burgemeester van Hoofflaan" shopping center and lowest for Eindhoven city center, which reflects respondents' tendency to shop less in Eindhoven. The opening of a magnet store seems to exert the most positive influence on "Eindhoven city-center" attractiveness, followed by creation of additional parking facilities and a 10% increase in retail floorspace. The parameter associated with a 15% increase in parking costs suggests that this policy would decrease the center's attractiveness and market share.
Similarly, Table 1 shows that an increase of the amount of retail floorspace would improve the attractiveness of the "Veldhoven city-center," and increasing the amount of parking by lo%, although positive, is not statistically significant. Finally, the attractiveness of the Burgemeester van Hoofflaan would seem to benefit most from a diversification policy, followed by opening a major appliances store. Restricting this shopping street to pedestrians negatively affects its attractiveness, but the effect is not statistically significant at the 5% probability level.
Our choice experiment only allowed us to estimate interaction effects for Eindhoven city-center. Table 1 shows that only 2 interaction effects are statistically significant: 1) the interaction between the opening of a magnet store and a 10% increase of floorspace for retailing;
and 2) the interaction between 600 additional parking spaces and a 10% increase in retail floorspace.
The former interaction effect has a negative sign, which is surprising because one usually assumes that shopping center attractiveness increases with increases in both additional floorspace and number of magnet stores. This result suggests that there may be a saturation point in shopping center attractiveness for this study area. These main and interaction effects suggest a reasonable representation of the choice data, as provided by the simple MNL model. A more rigorous test, however, involves estimating and testing the cross-effects. If the cross-effects are significant, the IIA hypothesis should be rejected. Table 1 lists only 3 cross-effects that were significant at the 0.05 alpha level. These effects can be interpreted as follows. 1) A diversification policy in "Burgemeester van Hoofflaan" has a less than proportional effect on Eindhoven city-center, but a more than proportional effect on "Velhoven city center." 2) Likewise, the opening of a major appliances store in "Burgemeester van Hoofflaan" decreases the attractiveness of "Veldhoven citycenter" proportionally more than expected under the simple MNL model. Hence, the cross-effects provide useful information regarding substitution effects among these shopping centers.
Having estimated the parameters of the choice model, the next step of the analysis involves assessing the goodness-of-fit of the estimated model. To do this, we used the estimated parameters to predict the choice probabilities for each choice set and the expected market share of the shopping centers. These predictions were then compared with observed choice data in the real world. Several goodness-offit measures were used to assess the results in order to avoid capitalizing on the specific properties of any particular measure. First, model predictions were compared with observed choices under experimental conditions.
As expected, the mother logit model reproduced the observed choices very well. The correlation coefficient is 0.999; Robinson's agreement measure, which depicts the degree of deviance from a perfect linear relation through the origin, is 1.0; the standardized root mean square is 0.02 and the standardized mean absolute error is only 0.016.
Data on observed choices were obtained by asking respondents where they shop. Consumer choices were predicted by the mother logit model and compared with these observed choices. Although the goodness-of-fit was slightly lower in this case, the measures were still very high. For example, the Pearson correlation coefficient was 0.983, Robinson's agreement measure was 0.99, the standardized root mean square was 0.127, and the standardized mean absolute error was only 0.127. To examine the impact of the cross-effects on the predictive power of the model, the mother logit model was compared with the conventional MNL model. This comparison indicated that the additional parameters significantly improved the predictive power of the model beyond the 0.05 level.
Conclusion and Discussion
In this article, we applied the mother logit model to analyze and predict consumer shopping center choice. The mother logit model represents a logically consistent extension of traditional multinomial logit models that avoids the IIA property. Our results indicated that the mother logit model reproduced the observed experimental choices very well, and it also predicted well the respondent-reported choices. However, it should be noted that despite a statistically significant difference, the MNL model performed only slightly less well. If the results of the present study can be generalized to other regions and consumer groups, this study may have implications for retailing practice. As most models of consumer shopping center choice possess the IIA property, impact and feasibility assessments are based on the assumption that new retail development will draw trade from existing shopping centers in direct proportion to their attractiveness. The present study suggests, however, that competition between shopping centers is stronger among centers belonging to the same hierarchical level and weaker among centers of different hierarchical levels. This implies that conventional models may overpredict the sales volume of a new shopping center and underpredict the effects of the introduction of new retailing facilities on existing, lower level centers. Thus, if one relies on traditional model predictions, a proposal may be regarded as feasible, whereas in reality it would not be (of course, the latter depends on the difference between sales and threshold, and differences in predictions be-tween model structures). Likewise, the negative effects on sales levels of existing lower order shopping centers may be considered negligible, whereas in reality such effects may be larger than predicted by IIA-type models. It should be emphasized that these prediction deviances do not result from inherent uncertainties associated with model use (e.g., due to sample size, temporal stability, etc.), but directly result from the theoretical assumptions underlying conventional models. In the present study, the difference in predictive power between the mother logit model and the MNL model, although statistically significant, was relatively small and perhaps not managerially
significant The mother logit model provides managers with more detailed information about the competitive structure of the shopping centers, even in cases in which the simple MNL model fits well. It would be useful to know whether the results of the present study generalize to other contexts, and how sensitive they might be to temporal and environmental changes.
